are not consistent; some reported benefits [3] [4] [5] , while others reported neutral effects [6, 7] . Therefore, the aim of the present study is to develop an experimental RIPC model against Renal Ischemia/Reperfusion (I/R)-induced AKI for the further evaluation of complexity observed in the clinical studies.
Introduction
Acute Kidney Injury (AKI), which is diagnosed, based on oliguria and/or a decrease in glomerular filtration rate, is associated with high morbidity and mortality, and is one of the most common complications of major cardiovascular surgery, percutaneous coronary intervention and kidney transplantation [1] . The current therapeutic approaches against AKI are to maintain systemic hemodynamic and fluid balance and dialysis. However, the incidence and mortality rates remain high.
We previously reported that Renal Ischemic Preconditioning (IPC), which consisted of multiple cycles of short ischemia and reperfusion of the renal artery and vein, created a resistance to renal ischemia/reperfusion injury [2] . An experimental limitation of that study was that IPC of the renal artery and vein is not a realistic procedure in a clinical setting. To overcome this limitation, there is increasing interest in Remote IPC (RIPC), IPC performed at a site remote to the target organs, as an effective prophylactic strategy against ischemic organ damage. However, the outcomes of clinical studies examining the benefits of RIPC Results are expressed as means ± standard error of the mean. Statistical significance was assessed using one-way ANOVA followed by Turkey's multiple comparison tests using the program Graph Pad Prism 5. Student's t tests were performed to compare the means in experiments with two individual groups. Values of P < 0.05 were considered statistically significant.
Results
RIPC consisting of four cycles of 5min ischemia followed by 5min reperfusion before I/R, did not attenuate BUN levels at 24 hours after 45 min ischemia and the following reperfusion ( Figure   1A ). Similar morphological changes in the kidney, including cast formation and tubular necrosis, were observed between sham and RIPC groups (Figure 2A and 2B).
The severe AKI induced after 45min ischemia may halt the mechanism of reno-protection induced by RIPC. Thus, we investigated a milder I/R injury with 30min ischemia ( Figure 1B 
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Copyright: © 2016 Nakano et al. protocol from 5min ischemia/5min reperfusion for 4 cycles to 4min ischemia/4min reperfusion for 6 cycles ( Figure 1C) . Again, RIPC did not significantly affect I/R-induced injury ( Figure 1C ).
The duration of the recovery time after RIPC prior to I/R was for 15min in the experimental protocol above. Therefore, the recovery time was prolonged from 15min to 6hr ( Figure 1D ).
The extension of recovery time did not improve the effect of RIPC in I/R-induced injury. We additionally examined the severity of renal injury in mice with a permanently occluded femoral artery after RIPC. I/R performed 6 hr after RIPC increased BUN similarly in the mice that received a sham-RIPC with permanent occlusion compared with the mice that underwent recovery without permanent occlusion ( Figure 1E ).
Another set of animals received RIPC using an ice pack instead of clamping the femoral artery and vein. The decreased blood flow in the hind limb was confirmed by the color of the then are, and the reperfusion during preconditioning was supported by a hand warmer. The ice-induced preconditioning showed no effects on BUN levels at 24hr compared with BUN levels in the sham group ( Figure 1F ).
There are reports indicating that anesthetics influence the effects of RIPC [8] . We therefore changed anesthetics from pentobarbital to isoflurane, an inhalation anesthetic. Isoflurane administration was stopped immediately after reperfusion and suturing of the surgical field. RIPC in isoflurane-anesthetized mice did not alleviate the I/R-induced injury (Figure 3 ).
Discussion
We failed to observe any beneficial effects against I/Rinduced AKI of several RIPC protocols in either pentobarbital-or isoflurane-anesthetized uninephrectomized C57/Bl6J mice. A limitation of the present study is that the mice were anesthetized. The anesthetics used might interfere or mask the mechanism of RIPC-induced peripheral organ protection if it is through a central nervous system pathway [9] [10] [11] . Indeed, a previous study showed that remote ischemic preconditioning protects the kidney against AKI by suppressing renal sympathetic nerve activity in Sprague Dawley rats [9] . However, two recent clinical trials reported that RIPC did not improve clinical outcomes in patients undergoing cardiac surgery [12] , or coronary-artery bypass graft surgery [13] . The former study was performed under total anesthesia with intravenous protocol, which might interfere with RIPC effects [8] , while the later study was done under nonstandardized anesthetics. Therefore, anesthetics themselves, not a specific anesthetic drug, might limit the effects of RIPC. We did not perform RIPC in conscious mice as that procedure imparts an even more severe influence on their nervous system than using only anesthetics.
There might be difference on the sensitivity to RIPC between the species. RIPC to the hind-limb of rats has reported to demonstrate the protective effects [11, 14, 15] . On the other hand, to our knowledge, there is no report showing the protective effect of RIPC against AKI in mice, and the current study showed that mice were insensitive to the multiple protocols of RIPC. Since we previously showed that the marine kidney is sensitive to the ischemic preconditioning procedure on renal pedicle against I/Rinduced AKI [2] , the species difference between rats and mice may result from the extra-renal mechanism.
The other possibility for why RIPC did not show its protective effect in the present study unlike the other reports [14, 15] , might be due to the detailed surgical procedure. We dissected the femoral artery and vein from surrounding tissues to induce complete ischemia by a clamp; however, most of study only ties the hind limb. The latter case could give stress on the skeletal muscle and might stimulate the interaction between muscle and the kidney [16, 17] .
Although we did not find any benefit of RIPC in animals under anesthesia, a common finding among both basic and clinical studies is that RIPC did not exaggerate or increase the risk of AKI. RIPC is thus still worth considering as a potential choice of prophylactic treatment against AKI because of its non-drug and non-invasive nature. For this purpose, the RIPC protocol that can induce the benefits must be discussed and shared widely, for future patients who might potentially receive benefits from this procedure.
